One way analysis (ANOVA) was used to analyze a large dataset of elemental levels of two vegetables -spinach (Amaranthus cruentus) and lettuce (Lactuca sativa) grown around River Jakara in Kano, Nigeria using data generated during 12 months of monitoring Ca, K, Mg, Na, (essential bulk elements) Cu, Zn, Cd, Ni, Cr, Co, Pb and Fe (trace/heavy elements) concentrations collected at three designated sites. The concentrations of the elements showed insignificant differences between sites but significant differences between some months. The soil was implicated as the major source of the elements. The concentrations of the trace/heavy metals exceeded those of the international permissible limits which pointed to the contamination of the vegetables. The mean concentrations of the elements occurred in the magnitude of Ca > Mg > K > Na > Fe > Zn > Pb > Co > Cr > Cu > Ni > Cd and Ca > Na > K >Mg > Fe > Zn > Pb > Cr > Co > Cu > Ni > Cd in the spinach and lettuce respectively. The continued consumption of these vegetables by the inhabitants of Kano and its environs present a public health risk with regards to their concentrations with heavy metals. It is therefore recommended that the relevant organ of government should find an alternative farmland for the farmers within the catchment area of River Jakara where unpolluted soil can be utilized for the production of the vegetables.
Introduction
Vegetables constitute an important component of the diet of most people in the world. They contain essential elements and are rich in vitamins, dietary fibers and minerals. They are essential for growth and maintenance of good health. Some are suitable for medicinal and other applications. The production of vegetables is important as a means of livelihood, employment and income generation to the traders/vendors who market the produce, input suppliers such as farm machines, fertilizers, pesticides, herbicides and other service providers. Yet vegetables are being constantly contaminated with pollutants such as heavy metals through various types of anthropogenic activities. Activities such as mining and smelting operation and agriculture have contaminated extensive areas of the world such as Japan, Indonesia, and China mostly such as Cd, Cu and Zn (Herawati, Susuki, Hayashi, Rivai, & Koyama, 2000) .
Application of untreated and polluted wastewater to irrigate vegetable gardens has been a global practice. Recent surveys across 50 cities in Asia, Africa and Latin America show that waste water irrigation is a common reality in three -fourths of the cities and global estimates of the total area under raw and diluted waste water irrigation range from 3 to 3.5 million hectares; however the proportion of harvested area that is irrigated is largest in Asia and smallest in Sub -Saharan Africa (International Management Institute, 2006 . Irrigation of plants particularly with sewage and solid wastewater disposal ends to soil contamination and heavy metal accumulation both in soil and crops (Doyle, 1995) and the crops contain metals in higher concentrations than those irrigated using uncontaminated water (Chang, Granato, & Page, 1992; Nrghole, 2007) . Heavy metals may be present either as a deposit on the surface of vegetables or taken up by the roots and incorporated into the edible part of the vegetable tissues; leafy vegetables tend to absorb higher concentrations of heavy metals than non-leafy vegetables (Al Chaarani, El-Nakat, Obeid, & Aouad, 2006) . Literature on the heavy metal contamination of vegetables through anthropogenic activities abound nationally (Ojeka & Achi, 2004) , (Chiroma, Ebewale, &Bigdeli & Seilsepour, 2008) . Several heavy metals have toxic, mutagenic and carcinogenic effects on man even at a very low concentration (Das, 1990) . Concentration of vegetables with toxic elements is therefore a serious threat because of its toxicity, bioaccumulation, and bio-magnification in the food chain. The seriousness of this problem cannot be underestimated in the light of the findings of Dike, Ezealor, and Oniye (2004) and Dike, Ezealor, Oniye, and Ajibola (2013) which revealed that River Jakara in Kano, Nigeria, used extensively for the irrigation of vegetables consumed by its inhabitants and environs is contaminated with heavy metals. In addition, large quantities of fertilizers are regularly added to the top soils during intensive farming to supplement the macro elements such as Ca, Mg and K. The current investigation is carried out to determine the concentrations of some elements -calcium (Ca), potassium (K), magnesium (Mg), sodium (Na), with particular emphasis on copper (Cu), zinc (Zn), cadmium Cd), nickel Ni), chromium Cr), cobalt (Co), lead (Pb) and iron (Fe) in spinach (Spinacea oleracea) and lettuce (Lactuca sativa) leaves from gardens irrigated with wastewater from River Jakara to ensure that their levels meet the agreed international standards. Determination of the chemical composition of plants is one of the most frequently used methods of monitoring environmental pollution.
Sampling Sites
Collection of vegetable samples were made at 3 designated points (sites 2, 3 and 4) along the River Jakara based on the irrigation activities carried out on the areas (Figure1). Site 1 is at the "T" junction of Ibrahim Babangida and Taiwo roads and near the origin of the river but was devoid of irrigation activities and hence samples were not collected there. Site 2 is at the Abattoire and Katsina road junction where the water used for the irrigation of the vegetables receives sewage from the abattoire and domestic wastes from the residential areas in Fagge. Site 3 is at the junction of Burma and Zungeru roads and receives effluents and wastes mainly from a hospital and also effluents from car washing activities and mechanic workshops. Site 4 is at the Airport road bridge which receives domestic wastes and runoffs from dump sites particularly during the rainy season. Vol. 5, No. 1; 2016 Plate 1. Some vegetables irrigated with waste water at site 3 on River Jakara
Data Analysis
Variations in the concentrations of metals in the vegetables between sites and months of study were compared using a one-way ANOVA. All the means were compared using multiple range tests (MRT) and the Pearson's correlation coefficient was employed to compare the relationships between the metal concentrations of the vegetable and soil samples The metal content in spinach grown in all the sites in the dry season varied insignificantly (p>0.05) with those of the rainy reason (except K) (Table 5 and Figure. 2). The concentrations of K were significantly higher during the dry season than in the rainy season (p<0.05). The concentration of metals by season in lettuce presented in Table  5 and Figure 3 also showed that the metal content grown in all the sites in the dry season did not vary significantly (p>0.05) with those of the rainy season (except Mg and K). In all the sites, the concentrations of Mg were significantly higher during the rainy season than the dry season (p<0.05). In the three sites also, the concentrations of K were significantly higher during the dry season than in the rainy season (p<0.05). 
Results

Discussion
The elements investigated in spinach and lettuce grown within the catchment area of River Jakara in Kano, Nigeria, showed no significant difference in their concentrations between sites but however showed significant difference between some months. Metal variations in the vegetables between some months may be related to stage of growth, availability of metals to vegetables and the form in which they occur (Kisku et al., 2000) . The pattern of accumulation of the elements suggested that there was no seasonal influence on the tendencies of spinach to accumulate the elements (except Cd). There was also no seasonal influence on the tendencies of lettuce to accumulate the elements (except Ca, Mg and Cd). This observation contradicts the findings of Bako, Funtua, and Ijachi (2004) , who reported an apparent seasonal influence on the tendencies of all four plant species studied to accumulate heavy metals.
The annual mean concentrations of the elements in the vegetables occurred in the order of Ca> Mg> K> Na> Fe> Zn> Pb> Co> Cr> Cu> Ni> Cd and Ca> Na> K> Mg> Fe> Zn> Pb> Cr> Co> Cu> Ni> Cd in spinach and lettuce respectively. The higher concentrations of Ca, Mg and K are related to the point that they are macronutrients which are essential for plant growth and Na is a beneficial element. The lower concentrations of Fe, Zn, Cr, Co, Cu and Ni are attributed to the fact that they are micronutrients which are needed by plants in minute quantity. Their various concentrations though, in addition to Pb and Cd in the two vegetables exceeded the international recommended desirable limits (Table 6 ). The high abundance of these elements can be associated with their availability in the soil. Some of the elements in the soil correlated with those in the vegetables (Tables 7 and 8 ). For instance, Pb in soil showed a positive correlation (r=0.39) with Pb in spinach. Cadmium in soil and in spinach showed a positive correlation (r= 0.39) and also showed a positive correlation (r= 0.62) with Fe in spinach. Lead in soil and Pb in lettuce were positively correlated (r= 0.39) and so was Pb in soil and Co in lettuce (r= 0.46). High positive correlations (r=0.68 and 0.63) were established also between Zn in soil and K in spinach and Cd in soil and K in lettuce respectively revealing that as these elements in the soil increased, those in the respective vegetables also increased. These indicated also that the soil is the major source of the elements to the vegetables. Gerritse, Daniel, Smilde, and Vann (1983) asserted that high availability of a particular element in the soil can affect the relative uptake and consequently high accumulation of such element.
The higher accumulation of the elements by the vegetables can also be attributed to the fact that they are leafy vegetables which according to Flynn (1999) are the most vulnerable to metal contamination and accumulation. Copper, Ni, Zn and Pb among other elements are known to be toxic to plants (Bako et al., 2004) . Contamination of leafy vegetables with Cu, Pb, Zn, Ni, Co and Cd along the banks of River Kaduna have been reported (Ojeka & Achi, 2004) ; Cd, Cr, Pb, Ni and Zn from e-waste dumping site in Alaba International Market, Lagos (Olafisoye, Adefioye,& Osibote, 2012) ; and Pb, Cd, and Cr from abandoned mechanic workshops in Umuahia ( Abii, 2012) . Researches by Flynn (1999) , Alam, Snow and Tanaka, (2003) City of Helsinki Environmental Centre, (2003), Behbahaninia and Mirbagheri (2008) , Bigdeli and Seilsepour (2008) , and Mahakalkar, Gupta, and Nandeshwar (2013) also showed high concentrations of some of these elements in various vegetables studied in various parts of the globe.
Humans consuming vegetables grown in contaminated soils and animals raised in such areas stand a risk as they pose a direct threat to their health (Sedki, Pineau, & Pihan, 1995 , Damek-Poprawa & Sawicka-Kapusta, 2003 . Miranda et al. (2009) asserted that the tissue accumulation of metals in animals was related to contaminated soils and forage. Prolonged human consumption of unsafe concentrations of heavy metals in foodstuffs may lead to the disruption of numerous biological and biochemical processes in the body (Marshall et al., 2003) . These elements have carcinogenic, mutagenic and teratogenic effects in humans with long-term cumulative exposure (Das, 1990) . Some elements such as Cd and Cr for instance act as carcinogens and others such as Pb are associated with developmental abnormalities in children (Marshall et al., 2003) . Exposure to high Pb levels can also damage the organs responsible for sperm production in men, cause miscarriage in pregnant women and damage the brain and kidneys and ultimately cause death (Martin & Griswold, 2009 ). According to Parveen et al. (2003) , a slight increase in the concentration of Zn may interfere with physiological processes and toxic level of Cu results in anaemia, intestinal disorders, circulatory disturbances and liver and kidney failure when its concentration crosses the safe limits. Higher cardiotoxocity than general toxicity has been indicated (Donald et al., 1986) as a result of high levels of Co in the kidney, liver and testes. It is therefore imperative that consumers of these vegetables obtained within the catchment of River Jakara may be liable to the effects of these elements particularly to the carcinogenic effect of Cd after cumulative consumption.
Conclusions and Recommendations
There was accumulation of the micro elements/heavy metals investigated in the spinach and lettuce grown within the catchment area of River Jakara. The concentrations of the elements showed insignificant difference between sites but significant difference between the months of study. The soil was asserted as the major source of the elements and their concentrations exceeded those of the international permissible limits pointing to the contamination of the vegetables. The continued consumption of these vegetables by the inhabitants of Kano and its environs present a public health risk particularly with regards to their concentrations with the heavy metals. In this regard, the relevant organ of government should find an alternative farmland for the farmers within the catchment area of River Jakara where unpolluted waste sources can be utilized for production of vegetables. Where this is not feasible, soil management may be feasible for the urban farmers. For example, addition of lime to soil raises the pH level of soils which hinders heavy metal uptake. Organic matter such as manure can also be added to the soil which restricts metal transport to the plants. Metal-tolerant species (hyper-accumulator plants/weeds) could also be selected and grown with the vegetables to eliminate or to reduce the concentration of heavy metals in the soil, thereby reducing its availability to the vegetables. Furthermore, research should also be carried out to determine the effect of contaminated vegetables and its bioaccumulation in man.
